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WEARABLE ROBOT AND METHOD FOR 
CONTROLLING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of Korean Patent 
Application No. 10-2013-0138581, filed on Nov. 14, 2013 in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein by reference. 

BACKGROUND 

0002 1. Field 
0003. Example embodiments relate to a wearable robot 
capable of detecting a walking assist starting point with mini 
mum use of sensors, and a method for controlling the same. 
0004 2. Description of the Related Art 
0005. Currently, research is being actively conducted into 
wearable robots for a variety of applications, for example, 
enhancement of muscular power of disabled or elderly people 
to assist them with walking, rehabilitation treatment for 
people having diseases, and lifting and carrying of heavy 
loads for soldiers or industrial workers. 
0006. In general, wearable robots to enhance muscular 
power may include an upper-limb power-assist robot and a 
lower-limb power-assist robot. The lower-limb power-assist 
robot may be a robot which assists a user with walking by 
enhancing power of legs of the user. The lower-limb power 
assist robot may be driven to sense a walking State of the user 
and to enhance muscular power according to the walking 
State. 

SUMMARY 

0007. Therefore, some example embodiments relate to a 
wearable robot capable of detecting a walking assist starting 
point with less sensors, and a method for controlling the same. 
0008. Additional example embodiments will be set forth 
in part in the description which follows and, in part, will be 
obvious from the description, or may be learned by practice 
thereof. 
0009. In some example embodiments, the wearable robot 
includes an assistance device having an exoskeleton structure 
configured to be worn on legs of a user, sensors including a 
first electromyogram (EMG) sensor and a second EMG sen 
sor, the first EMG sensor configured to attach at a first loca 
tion on at least one leg of the user and to detect a first EMG 
signal, the second EMG sensor configured to attach at a 
second location on the at least one leg and to detect a second 
EMG signal; and a controller configured to detect a walking 
assist starting point based on the first EMG signal and the 
second EMG signal, the walking assist starting point being a 
point in a walking cycle in which the assistance device assists 
the user with walking. 
0010. In some example embodiments, the first location on 
the at least one leg of the user corresponds to a location of a 
tibialis anterior muscle of the user, and the second location of 
the at least one leg of the user corresponds to a location of a 
triceps Surae muscle of the user. 
0011. In some example embodiments, the second location 
on the at least one leg of the user corresponds to a location of 
a soleus muscle of the user. 
0012. In some example embodiments, the controller is 
configured to determine the walking assist starting point by 
detecting when the first EMG signal is in an offset state and 
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the second EMG signal is in an onset state, the onset State 
being a state when a muscle at the first location is activated 
and the offset state being a state when a muscle at the second 
location is deactivated. 
0013. In some example embodiments, the controller is 
configured to determine if an amplitude of each of the first and 
second EMG signals are above or below a boundary before 
determining the walking assist starting point. 
0014. In some example embodiments, the controller 
includes a first filter configured to filter each of the first and 
second EMG signals before determining the walking assist 
starting point; and a second filter configured to filter each of 
the first and second EMG signals before determining the 
walking assist starting point, the second filter having a cutoff 
frequency different from a cutoff frequency associated with 
the first filter. 
0015. In some example embodiments, the first filter is a 
low pass filter (LPF), and the second filter has a cutoff fre 
quency associated therewith that is lower than the cutoff 
frequency associated with the first filter. 
0016. In some example embodiments, the sensors further 
include at least one of a gyro sensor and an acceleration 
sensor, the gyro sensor configured to detect inclination of an 
upper body of the user, and the acceleration sensor configured 
to detect walking acceleration of the user. 
0017. In some example embodiments, the controller is 
configured to calculate a torque to apply to a driver Such that 
the driver assists a muscular power of the user. 
0018. In some example embodiments, the controller is 
configured to calculate the torque Such that the torque is 
proportional to inclination of a body of the user or walking 
speed of the user. 
0019. In some example embodiments, the controller is 
configured to apply the torque to a driver associated with the 
assistance device Such that the torque is applied for a walking 
assist duration, the walking assist duration determined based 
on the walking assist starting point. 
0020. In some example embodiments, the walking assist 
duration is a fixed time beginning from the walking assist 
starting point. 
0021. In some example embodiments, the walking assist 
duration is from the walking assist starting point until when a 
foot of a leg different from the at least one leg of the user 
contacts ground. 
0022. In some example embodiments, the driver includes 
a first driver in a left hip joint of the assistance device, and a 
second driver in a right hip joint of the assistance device. 
0023. In some example embodiments, the controller is 
configured to, apply the torque to drivers associated with the 
at least one leg in a direction opposite to a walking direction 
of the user, and apply the torque to drivers associated with a 
leg different from to the at least one leg in the walking direc 
tion of the user. 
0024. Some example embodiments relate to a method for 
controlling a wearable robot an assistance device having an 
exoskeleton structure configured to be worn on legs of a user. 
0025. In some example embodiments, the method 
includes receiving a first electromyogram (EMG) signal and 
a second EMG signal from a first EMG sensor and a second 
EMG sensor, respectively, the first EMG sensor configured to 
attach at a first location of at least one leg of the user, the 
second EMG sensor configured to attach at a second location 
of the at least one leg; detecting a walking assist starting point 
based on the first and second EMG signals, the walking assist 
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starting point being a point in a walking cycle in which the 
assistance device assists the user with walking, calculating a 
torque to assist a muscular power of the user, and providing 
the torque to a driver included in the assistance device Such 
that the assistance device assists the muscular power of the 
USC. 

0026. In some example embodiments, the first location on 
the at least one leg of the user corresponds to a location of a 
tibialis anterior muscle of the user, and the second location on 
the at least one leg of the user corresponds to a location of a 
soleus muscle of the user. 

0027. In some example embodiments, the detecting of the 
walking assist starting point includes detecting when the first 
EMG signal is in an offset state and the second EMG signal is 
in an onset state, the onset state being a state when a muscle 
at the first location is activated and the offset state being a state 
when a muscle at the second location is deactivated. 

0028. In some example embodiments, the driver includes 
a first driver in a left hip joint of the assistance device, and a 
second driver in a right hip joint of the assistance device. 
0029. In some example embodiments, the applying the 
torque includes applying the torque to the drivers associated 
with the at least one leg in a direction opposite to a walking 
direction of the user; and applying the torque to the driver 
associated with a leg different from the at least one leg in the 
walking direction of the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 These and/or other example embodiments will 
become apparent and more readily appreciated from the fol 
lowing description of the embodiments, taken in conjunction 
with the accompanying drawings of which: 
0031 FIG. 1 is an external view of a wearable robot 
according to some example embodiments; 
0032 FIG. 2 is an external view of a wearable robot 
according to other example embodiments; 
0033 FIG. 3 is a view illustrating a single gait cycle of 
human walking; 
0034 FIG. 4 is a view illustrating activities of major 
muscle groups in the single gait cycle and anatomical loca 
tions of the major muscle groups; 
0035 FIG. 5 is a block diagram illustrating the configura 
tion of a wearable robot according to some example embodi 
ments; 
0036 FIG. 6 is a block diagram illustrating the configura 
tion of a first electromyogram (EMG) sensor according to 
Some example embodiments; 
0037 FIG. 7 is a block diagram illustrating the configura 
tion of a controller according to Some example embodiments; 
0038 FIG. 8 is a block diagram illustrating the configura 
tion of a controller according to other example embodiments; 
0039 FIG. 9 is a block diagram illustrating the configura 
tion of a controller according to other example embodiments; 
0040 FIG. 10 is a block diagram illustrating the configu 
ration of a controller according to other example embodi 
ments; 
0041 FIG. 11 is a view illustrating processing of first and 
second EMG signals measured at one leg of a user, and 
0042 FIG. 12 is a flowchart of a method for controlling a 
wearable robot, according to Some example embodiments. 
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DETAILED DESCRIPTION 

0043 Reference will now be made in detail to some 
example embodiments, examples of which are illustrated in 
the accompanying drawings. The example embodiments 
may, however, be embodied in many different forms and 
should not be construed as limited to the example embodi 
ments set forth herein; rather, these example embodiments are 
provided so that this disclosure will be thorough and com 
plete, and willfully convey the scope of the invention to those 
skilled in the art. 
0044. In the drawings, like reference numerals denote like 
elements. 

0045. Detailed illustrative embodiments are disclosed 
herein. However, specific structural and functional details 
disclosed herein are merely representative for purposes of 
describing example embodiments. Example embodiments 
may be embodied in many alternate forms and should not be 
construed as limited to only those set forth herein. 
0046. It should be understood, however, that there is no 
intent to limit this disclosure to the particular example 
embodiments disclosed. On the contrary, example embodi 
ments are to cover all modifications, equivalents, and alter 
natives falling within the scope of the example embodiments. 
Like numbers refer to like elements throughout the descrip 
tion of the figures. 
0047. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
terms are only used to distinguish one element from another. 
For example, a first element could be termed a second ele 
ment, and, similarly, a second element could be termed a first 
element, without departing from the scope of this disclosure. 
As used herein, the term “and/or includes any and all com 
binations of one or more of the associated listed items. 

0048. It will be understood that when an element is 
referred to as being “connected,” or “coupled.” to another 
element, it can be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
when an element is referred to as being “directly connected.” 
or “directly coupled to another element, there are no inter 
vening elements present. Other words used to describe the 
relationship between elements should be interpreted in a like 
fashion (e.g., “between.” versus “directly between.” “adja 
cent, versus “directly adjacent, etc.). 
0049. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting. As used herein, the singular forms “a,” “an and 
“the are intended to include the plural forms as well, unless 
the context clearly indicates otherwise. It will be further 
understood that the terms “comprises.” “comprising.” 
“includes, and/or “including, when used herein, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
0050. It should also be noted that in some alternative 
implementations, the functions/acts noted may occur out of 
the order noted in the figures. For example, two figures shown 
in Succession may in fact be executed Substantially concur 
rently or may sometimes be executed in the reverse order, 
depending upon the functionality/acts involved. 
0051 Various example embodiments will now be 
described more fully with reference to the accompanying 
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drawings in which some example embodiments are shown. In 
the drawings, the thicknesses of layers and regions are exag 
gerated for clarity. 
0052 FIG. 1 is an external view of a wearable robot 
according to some example embodiments. 
0053 Referring to FIG. 1, a wearable robot 1 may have an 
exoskeleton structure to be worn on the legs of a user. The user 
may perform operations such as extension, flexion, adduc 
tion, and abduction while wearing the wearable robot 1. 
Extension refers to motion of straightening a joint, and flex 
ion refers to motion of bending a joint. Adduction refers to 
motion of putting a leg close to the central axis of the body, 
and abduction refers to motion of putting a leg away from the 
central axis of the body. The wearable robot 1 may include a 
gear part 100, a controller 200, and a sensor part 300. 
0054 The gear part 100 is a part to assist the user with 
walking. The gear part 100 may include a waist gear 110, a 
link part 120, a joint part 130, and a foot gear 140. 
0055. The waist gear 110 is a part worn on the waist of the 

user. Although not specifically shown in FIG.1, the waist gear 
110 may include a support pad to support the waist of the user 
and a fixing part connected to the Support pad to Surround the 
stomach of the user. 
0056. A cushion may be formed on a part of the support 
pad contacting the waist of the user. If a cushion is formed on 
the Supportpadas described above, wearing sensation may be 
improved regardless of the shape of the waist of the user. 
0057 The fixing part may be formed as aband or belt. The 
fixing part may be formed of an elastic material. If the fixing 
part is formed of an elastic material as described above, the 
user may wear the waist gear 110 regardless of the size of the 
waist of the user. 
0058. The link part 120 supports a leg of the user. The link 
part 120 may be formed on an outer side of each of left and 
right legs of the user. The link part 120 Supporting one leg has 
a structure corresponding to that Supporting the other leg. The 
link part 120 may include a first link 121 and a second link 
122. 
0059. The first link 121 supports an upper leg of the user. 
The first link 121 may have, for example, a bar shape. One end 
of the first link 121 is connected to the waist gear 110, and 
another end of the first link 121 is connected to one end of the 
second link 122. The first link 121 may have an adjustable 
length such that the user may adjust the length of the first link 
121 to match the length of the upper leg before or after 
wearing the gear part 100. 
0060. The first link 121 may include a fixing part 141. The 
fixing part 141 fixes the first link 121 to the upper leg of the 
user. The fixing part 141 may be formed as, for example, a 
band or belt. The fixing part 141 may be formed of an elastic 
material. If the fixing part 141 is formed of an inelastic mate 
rial, the fixing part 141 may have a Sufficient length to Sur 
round the upper leg regardless of the size of the upper leg of 
the user. 
0061 The second link 122 supports a lower leg of the user. 
The second link 122 may have, for example, a bar shape. The 
one end of the second link 122 is connected to the other end of 
the first link 121. The second link 122 may have an adjustable 
length Such that the user may adjust the length of the second 
link 122 to match the length of the lower leg before or after 
wearing the gear part 100. 
0062. The second link 122 may include a fixing part 142. 
The fixing part 142 fixes the second link 122 to the lower leg 
of the user. The fixing part 142 may be formed as, for 
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example, aband or belt. The fixing part 142 may beformed as 
an elastic material. If the fixing part 142 is formed of an 
inelastic material, the fixing part 142 may have a sufficient 
length to surround the lower leg regardless of the size of the 
lower leg of the user. 
0063 Another end of the second link 122 is connected to 
the foot gear 140. The foot gear 140 may include a fixing part 
(not shown) to fix the foot gear 140 to a foot of the user. The 
fixing part may be formed as a band or belt to Surround a top 
side of the foot of the user. 

0064. The joint part 130 may include a hip joint 131, a 
knee joint 132, and an ankle joint 133. Each of the hip, knee, 
and ankle joints 131, 132, and 133 may have at least one 
degree of freedom (DOF). Here, the DOF refers to DOF in 
forward kinematics or inverse kinematics. DOFs of a figure 
refer to the number of independent movements of the figure, 
or the number of parameters to determine independent move 
ment at relative positions of links. For example, an object in a 
three-dimensional space formed of x, y, and Z axes has 3 
DOFs to determine the spatial position of the object (i.e., the 
position on each axis), and 3 DOFs to determine the spatial 
orientation of the object. In detail, if an object is movable 
along and rotatable about each axis, the object may be under 
stood as having 6 DOFs. 
0065. The hip joint 131 is formed where the one end of the 

first link 121 is connected to the waist gear 110. The hip joint 
131 may be formed to perform at least one of, for example, 
flexion, extension, adduction, and abduction. The hip joint 
131 may be formed as, for example, a revolute joint to rotate 
about a designated axis. 
0066. The knee joint 132 is formed where the first link 121 

is connected to the second link 122. The knee joint 132 may 
beformed to perform flexion and extension. For example, the 
knee joint 132 may be formed as, for example, a revolute 
joint. 
0067. The ankle joint 133 is formed where the second link 
122 is connected to the foot gear 140. The ankle joint 133 may 
be formed to perform flexion and extension. The ankle joint 
133 may be formed as, for example, a revolute joint. 
0068. Each of the hip, knee, and ankle joints 131, 132, and 
133 may include a driver 150 (see FIG. 5). The driver 150 
provides driving force to the corresponding hip, knee, or 
ankle joint 131, 132, or 133 according to a control signal 
provided from the controller 200. Consequently, the user may 
be assisted with walking. The driver 150 may be formed as 
one of, for example, a motor, a vacuum pump, and a hydraulic 
pump, but the driver 150 is not limited thereto. 
0069. The sensor part 300 may measure a physical quan 

tity required to determine a walking state of the user, for 
example, Sound, light, temperature, pressure, acceleration, 
speed, or inclination. A signal measured by the sensor part 
300 may be transmitted to the controller 200. For example, 
the signal output from the sensor part 300 may be transmitted 
to the controller 200 using wired or wireless communication. 
As illustrated in more detail in FIG. 5, the sensor part 300 may 
include, for example, a gyro sensor 310, an acceleration sen 
sor 320, and an electromyogram (EMG) sensor 330 and 340. 
0070 The gyro sensor 310 may measure the inclination of 
the upper body of the user. The gyro sensor 310 may be, for 
example, a triaxial gyro sensor. The gyro sensor 310 may be 
mounted on, for example, the waist gear 110. For example, 
the gyro sensor 310 may be mounted at a location of the waist 
gear 110 corresponding to the upper body of the user. 
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0071. The acceleration sensor 320 may measure accelera 
tion of the user who is walking, or impact received by the user. 
The acceleration sensor 320 may be, for example, a triaxial 
acceleration sensor. The acceleration sensor 320 may be 
mounted on, for example, the waist gear 110. For example, 
the acceleration sensor 320 may be mounted at a location of 
the waist gear 110 corresponding to the upper body or pelvis 
of the user. 

0072. The EMG sensor 330 and 340 may be attached to the 
skin of the user and may measure an EMG signal. The EMG 
signal is a biological signal representing the state of a muscle. 
For example, the EMG signal may be a signal obtained by 
sensing, using an electrode, a small potential difference that 
occurs in muscle fibers when a muscle is contracted. The 
EMG signal may be measured by Sticking a pin into a muscle 
of the user or by attaching an electrode to the skin of the user. 
Hereinafter, it is assumed that the EMG sensor 330 and 340 
measures an EMG signal by attaching an electrode to the skin 
of the user. 

0073. According to some example embodiments, the 
EMG sensor 330 and 340 may include a first EMG sensor 330 
and a second EMG sensor 340. The first and second EMG 
sensors 330 and 340 may be attached to the lower leg of the 
user. For example, the first EMG sensor 330 may be attached 
to the tibialisanterior of the user. The second EMG sensor 340 
may be attached to the soleus of the triceps Surae muscle that 
forms the calf at a rear part of the lower leg of the user. 
0074. If the first and second EMG sensors 330 and 340 are 
attached at the above-described locations, compared to a case 
that the first and second EMG sensors 330 and 340 are 
attached to the upper leg of the user, discomfort may be 
reduced. In addition, if a walking assist starting point is 
detected based on an EMG signal detected by the first EMG 
sensor 330 and an EMG signal detected by the second EMG 
sensor 340, more reliable results may be obtained. Reasons 
for determining locations at which the first and second EMG 
sensors 330 and 340 are attached will be described in detail 
below with reference to FIGS. 3 and 4. 

0075 Meanwhile, the first and second EMG sensors 330 
and 340 may be formed separately in hardware. In this case, 
the user may manually attach or detach the first and second 
EMG sensors 330 and 340 at or from designated locations. 
0076 Alternatively, the first and second EMG sensors 330 
and 340 may be formed separately in hardware, and may be 
embedded in, for example, socks or stockings Surrounding 
lower legs. In this case, the user may simply wear Socks or 
stockings to achieve the effect of attaching the first and sec 
ond EMG sensors 330 and 340 to corresponding parts. 
0077. The above-described first and second EMG sensors 
330 and 340 may be attached to each of two legs of the user. 
That is, the first and second EMG sensors 330 and 340 are 
attached at designated locations of the left leg of the user, and 
are also attached at designated locations of the right leg of the 
USC. 

0078 Each of the gyro sensor 310, the acceleration sensor 
320, and the first and second EMG sensors 330 and 340 
included in the sensor part 300 may be formed as separate 
hardware. However, all sensors are not limited to separate 
hardware, and one sensor may be integrated with another 
sensor. For example, the acceleration sensor 320 may be 
integrated with the gyro sensor 310. As another example, the 
acceleration sensor 320 may be integrated with the first and 
Second EMG sensors 330 and 340. 
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007.9 FIG. 2 is an external view of a wearable robot 10 
according to other example embodiments. 
0080 Referring to FIG. 2, a wearable robot 10 may assist 
only upper legs of the user, by, for example, slight modifica 
tion of the wearable robot 1 of FIG. 1 which may assist both 
upper and lower legs of the user while the user is walking. 
I0081. The wearable robot 10 may include a gear part 100, 
a sensor part 300, and a controller (not shown). The sensor 
part 300 and the controller of FIG. 2 may be the same as or 
similar to the sensor part 300 and the controller 200 of FIG. 1, 
therefore, repeated descriptions thereof will be omitted 
herein for the sake of brevity and the gear part 100 will be 
focused upon. 
I0082. The gear part 100 is a part to enhance muscular 
power of upper legs of a user while the user is walking. The 
gear part 100 may include a waist gear 110, an upper leg gear 
160, a link part 120, and a joint part 130. 
I0083. The waist gear 110 is a part worn on the waist of the 
user. Although not specifically shown in FIG. 2, the waist gear 
110 may include a support pad to support the waist of the user 
and a fixing part connected to the Support pad to Surround the 
stomach of the user. The fixing part may be formed as a band 
or belt. 

I0084. The upper leg gear 160 is a part worn on the upper 
leg of the user. The upper leg gear 160 may beformed on each 
of left and right upper legs of the user. Although not specifi 
cally shown in FIG. 2, the upper leg gear 160 may include a 
Support pad to Support the upper leg of the user, for example, 
a part immediately above the knee, and a fixing part con 
nected to the Support pad to Surround the upper leg of the user. 
The fixing part may be formed as a band or belt. 
I0085. The link part 120 supports the upper leg of the user. 
The link part 120 may be formed on each of left and right 
upper legs of the user. Although not specifically shown in 
FIG. 2, the link part 120 may have a bar shape. One end of the 
link part 120 is connected to the waist gear 110, and another 
end of the link part 120 is connected to the upper leg gear 160. 
The link part 120 may have an adjustable length such that the 
user may adjust the length of the link part 120 to match the 
length of the upper leg before or after wearing the gear part 
1OO. 

I0086. The joint part 130 may include a hip joint 131 and a 
knee joint 132. Each of the hip and knee joints 131 and 132 
may have at least one DOF. The hip joint 131 is formed where 
the one end of the link part 120 is connected to the waist gear 
110. The hip joint 131 may be formed to perform at least one 
of for example, flexion, extension, adduction, and abduction. 
The knee joint 132 is formed where the other end of the link 
part 120 is connected to the upper leg gear 160. The knee joint 
132 may be formed to perform, for example, flexion and 
extension. In this regard, the knee joint 132 may beformed as, 
for example, a revolute joint. 
I0087. Each of the hip and knee joints 131 and 132 may 
include a driver 150 (see FIG. 5). The driver 150 provides 
driving force to the corresponding hip or knee joint 131 or 132 
according to a control signal provided from the controller. 
The driver may be formed as one of, for example, a motor, a 
vacuum pump, and a hydraulic pump, but is not limited 
thereto. 

I0088 FIG. 3 is a view illustrating a single gait cycle of 
human walking. FIG. 4 is a view illustrating typical activities 
of major muscle groups in the single gait cycle and anatomi 
cal locations of the major muscle groups. 
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I0089 Referring to FIGS. 3 and 4, the locations at which 
the first and second EMG sensors 330 and 340 are attached to 
a user may be determined based on a gait cycle of the user. 
0090 Agait cycle refers to a cycle from when a heel of one 
leg contacts the ground until when the heel of the same leg 
contacts the ground again. FIG. 3 illustrates a gait cycle of a 
right leg. A gait cycle will now be described based on a right 
leg. 
0091. The gait cycle is divided into seven (7) periods that 
may be classified as part of a stance phase or a Swing phase. 
The stance phase refers to a period in which the right leg 
contacts the ground to Support the weight, and normally occu 
pies 60% of the gait cycle. The Swing phase refers to a period 
in which the right leg is separated from the ground, and 
normally occupies 40% of the gait cycle. 
0092. The stance phase is divided into loading response, 
mid-stance, terminal stance, and pre-swing periods. The 
Swing phase is divided into initial Swing, mid-stance, and 
terminal Swing. 
0093. In order to divide the gait cycle into the 7 periods 
described above, walking is divided into 8 operations, for 
example, initial contactIC, opposite toe off OT, heel rise HR, 
opposite initial contact OI, toe offTO, feet adjacent FA, tibia 
vertical TV, and next initial contact IC. 
0094. The initial contact IC refers to when a right foot 
contacts the ground. The initial contact IC corresponds to 0% 
point of the gait cycle out of 100%. The initial contact IC 
corresponds to a starting point of the stance phase. 
0095. The opposite toe offTO refers to when left toes are 
separated from the ground, and corresponds to 10% point of 
the gait cycle. 
0096. The heel rise HR refers to when a right heel is lifted 
up from the ground, and occurs at 30% point of the gait cycle. 
0097. The opposite initial contact OI refers to when a left 
heel contacts the ground, and occurs at 50% point of the gait 
cycle. 
0098. The toe off TO refers to when right toes are sepa 
rated from the ground, and occurs at 60% point of the gait 
cycle. 
0099. The feet adjacent FA refers to when a right foot 
being in the Swing phase is next to a left foot being in the 
stance phase. The feet adjacent FA occurs at 73% point of the 
gait cycle. 
0100. The tibia vertical TV refers to when tibia of the right 
leg being in the Swing phase is in a direction perpendicular to 
the ground. The tibia vertical TV occurs at 87% point of the 
gait cycle. 
0101. As described above, the stance phase is divided into 
loading response, mid-stance, terminal stance, and pre-swing 
periods. The loading response corresponds to a period from 
the initial contact IC to the opposite toe off OT. The mid 
stance corresponds to a period from the opposite toe off OT to 
the heel rise HR. The terminal stance corresponds to a period 
from the heel rise HR to the opposite initial contact OI. The 
pre-swing corresponds to a period from the opposite initial 
contact OI to the toe offTO. 

0102 The swing phase is divided into initial swing, mid 
stance, and terminal Swing periods. The initial Swing corre 
sponds to a period from the toe offTO to the feet adjacent FA. 
The mid-stance corresponds to a period from the feet adjacent 
FA to the tibia vertical TV. The terminal swing corresponds to 
a period from the tibia vertical TV to the next initial contact 
IC. 
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0103) Activities of major muscle groups in the gait cycle 
are illustrated in FIG. 4. 
0104 Referring to FIG.4, the gluteus maximus, iliopsoas. 
hamstring muscles, quadriceps femoris muscle, triceps Surae 
muscle, and tibialis anterior are shown as the major muscle 
groups. 
0105. As noted in FIG.4, the hamstring muscles and quad 
riceps femoris muscle are activated at an initial state of walk 
ing. As such, an EMG signal measured at the hamstring 
muscles or quadriceps femoris muscle may be used as data to 
determine a walking assist starting point. However, an EMG 
sensor may not be easily attached to the hamstring muscles or 
quadriceps femoris muscle, and a user may experience dis 
comfort if the EMG sensor is attached to such a part. 
0106 Meanwhile, in FIG.4, in a period between the oppo 
site toe off OT and the heel rise HR, both the hamstring 
muscles and quadriceps femoris muscle are activated at a 
point when the tibialis anterior is deactivated and the triceps 
Surae muscle is activated. Therefore, if EMG signals detected 
at the tibialis anterior and triceps Surae muscle are used, a 
walking assist starting point may be detected without detect 
ing an EMG signal at the hamstring muscles or quadriceps 
femoris muscle. 
0107. In more detail with reference to the gait cycle of 
FIG. 3, toes of the right leg are lifted and the tibialis anterior 
is activated (contracted) in the initial contactIC, and the lifted 
toes of the right leg are dropped and the tibialis anterior is 
gradually deactivated (released) after the initial contact IC. 
Then, the left leg Swings and the right leg kicks the ground 
after the opposite toe off OT, and thus the triceps surae muscle 
of the right leg is gradually activated (contracted). Therefore, 
ifa time point when the tibialis anterior is deactivated and the 
triceps Surae muscle is activated is detected as a walking assist 
starting point, initial walking may be detected. 
0.108 For this reason, the first EMG sensor 330 is attached 
to the tibialis anterior and the second EMG sensor 340 is 
attached to the triceps Surae muscle. The triceps Surae muscle 
is a muscle that forms the calf at a rear part of a lower leg, and 
includes two gastrocnemiandone soleus. According to some 
example embodiments, the second EMG sensor 340 may be 
attached to the soleus. However, attachment of the second 
EMG sensor 340 is not limited thereto, for example, the 
second EMG sensor 340 may be attached to the gastrocnemii. 
0109 FIG. 5 is a block diagram illustrating the configura 
tion of the wearable robot 1 according to some example 
embodiments. 
0110. As illustrated in FIG. 5, the wearable robot 1 may 
include the sensor part 300, the controller 200, and the gear 
part 100. 
0111. The sensor part 300 may include the gyro sensor 
310, the acceleration sensor 320, the first EMG sensor 330, 
and the second EMG sensor 340. The gyro sensor 310 may 
measure the inclination of the upper body of the user, and the 
acceleration sensor 320 may measure acceleration, vibration, 
or impact of the user. The first EMG sensor 330 is attached to 
the tibialis anterior of the user to detect an EMG signal. The 
second EMG sensor 340 may be attached to the soleus of the 
user to detect an EMG signal. 
0112 FIG. 6 is a block diagram illustrating the configura 
tion of the first EMG sensor 330 according to an embodiment 
of the present invention. 
0113 Referring to FIG. 6, the first and second EMG sen 
sors 330 and 340 may have the same configuration and thus 
the first EMG sensor 330 will be described representatively. 
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0114. The first EMG sensor 330 may include an electrode 
331, an amplifier 332, a rectifier 333, a filter 334, an analog 
to-digital (A/D) converter 335, and a transmitter 336. 
0115 The electrode 331 is a part to be attached to the skin 
of the user, and may include one or more electrodes. For 
example, the electrode 331 may include a reference electrode 
(+), an active electrode (-), and a ground electrode. The 
reference electrode (+) may be attached near a tendon or 
bone. The active electrode (-) may be attached near a muscle. 
The ground electrode may be attached to a body. The elec 
trode 331 may be, for example, an Ag/AgCl electrode. 
0116. The amplifier 332 may amplify the potential differ 
ence formed between the reference electrode and the active 
electrode, i.e., an EMG signal. The amplifier 332 may 
amplify the EMG signal at an amplification ratio of 1000:1. 
However, the amplifier 332 is not limited thereto and may 
amplify the EMG signal at a different amplification ratio. The 
EMG signal amplified by the amplifier 332 may be provided 
to the rectifier 333. 

0117. The rectifier 333 may rectify the EMG signal pro 
vided from the amplifier 332. The rectifier 333 may rectify the 
EMG signal by obtaining an absolute value of the EMG 
signal. Since the EMG signal has both positive and negative 
values, a value close to 0 is obtained if the positive and 
negative values are averaged. Since characteristics of the 
EMG signal may be distorted if the EMG signal is used as it 
is, the absolute value of the EMG signal is calculated. The 
rectified EMG signal may be provided to the filter 334. 
0118. The filter 334 may filter the EMG signal provided 
from the rectifier 333. The filter 334 may filter the rectified 
EMG signal to separate useful information from the EMG 
signal. For example, the useful information of the EMG sig 
nal may be in a range of 10 to 500 Hz. Therefore, if the EMG 
signal is analog filtered using a high pass filter (HPF) having 
a cutoff frequency of 10 Hz, and a low pass filter (LPF) having 
a cutoff frequency of 500 Hz, an EMG signal including useful 
information may be separated from the amplified EMG sig 
nal. The EMG signal filtered by the filter 334 may be provided 
to the A/D converter 335. 

0119) The A/D converter 335 may convert the EMG signal 
provided from the filter 334, from an analog value into a 
digital value. The digital-converted EMG signal may be pro 
vided to the transmitter 336. 

0120. The transmitter 336 cooperates with a receiver of the 
controller 200 to be described below. The transmitter 336 may 
transmit the digital-converted EMG signal to the controller 
200. In this case, the digital-converted EMG signal may be 
transmitted using wired or wireless communication. If wired 
communication is used, a special fiber, for example, a con 
ductive fiber, may be formed between the transmitter 336 of 
the first EMG sensor 330 and the receiver of the controller 
200, and the EMG signal may be transmitted using the special 
fiber. If wireless communication is used between the trans 
mitter 336 of the first EMG sensor 330 and the receiver of the 
controller 200, the EMG signal may be transmitted using, for 
example, Bluetooth, ZigBee (IEEE 802.15.1), radio fre 
quency identification (RFID), wideband code division mul 
tiple access (WCDMA), or Wi-Fi (by Wi-Fi Alliance). 
0121. A signal measured by the first EMG sensor 330 is 
transmitted to the controller 200 using wired or wireless 
communication in the above description. However, the above 
principal is not limited to the first EMG sensor 330, and a 
signal(s) measured by the gyro sensor 310 and/or the accel 

May 14, 2015 

eration sensor 320 may also be transmitted to the controller 
200 using wired or wireless communication. 
I0122) Referring back to FIG. 5, the controller 200 may 
detecta walking assist starting point based on the EMG signal 
transmitted from the first EMG sensor 330 (hereinafter 
referred to as first EMG signal) and the EMG signal trans 
mitted from the second EMG sensor 340 (hereinafter referred 
to as second EMG signal). In addition, the controller 200 
may generate a control signal to control the driver 150 to 
assist the muscular power of the user based on at least one of 
the signals transmitted from the gyro sensor 310 and the 
acceleration sensor 320. The generated control signal may be 
transmitted to the driver 150 included in the gear part 100. The 
configuration of the controller 200 will now be described in 
detail with reference to FIG. 7. 
I0123 FIG. 7 is a block diagram illustrating the configura 
tion of a controller 200A according to some example embodi 
mentS. 

(0.124 Referring to FIG. 7, the controller 200A may 
include a receiver 210A, a boundary value processor 220A, an 
onset/offset detector 240A, a walking assist starting point 
detector 250A, and a torque calculator 260A. 
0.125. The receiver 210A may receive the signals detected 
by the gyro sensor 310, the acceleration sensor 320, and the 
first and second EMG sensors 330 and 340 of the sensor part 
300. As described above, the signals may be received using 
wired or wireless communication. 
0.126 Among the signals received by the receiver 210A, 
the signal detected by the gyro sensor 310 and/or the accel 
eration sensor 320 may be provided to the torque calculator 
260A to be described below. Further, the first and second 
EMG signals respectively detected by the first and second 
EMG sensors 330 and 340 may be provided to the boundary 
value processor 220A to be described below. 
I0127. The boundary value processor 220A may perform 
boundary value processing on each of the first and second 
EMG signals. The boundary value processor 220A may out 
put one of two signals based on whether an amplitude of the 
EMG signal is above or below aboundary value. For example, 
the boundary value processor 220A may output value 1 with 
respect to an EMG signal having an amplitude equal to or 
greater than aboundary value, and output value 0 with respect 
to an EMG signal having an amplitude less than the boundary 
value. The first and second EMG signals on which boundary 
value processing is performed may be provided to the onset/ 
offset detector 240A. 

I0128. The onset/offset detector 240A may detect an onset 
point and an offset point from the first EMG signal on which 
boundary value processing is performed. Likewise, the onset/ 
offset detector 240A may detect an onset point and an offset 
point from the second EMG signal on which boundary value 
processing is performed. Here, the onset point refers to a time 
point when a muscle is activated, and the offset point refers to 
a time point when the muscle is inactivated. The onset point 
may correspond to a moment when a waveform of an EMG 
signal on which boundary value processing is performed 
rises. On the other hand, the offset point may correspond to a 
moment when a waveform of an EMG signal on which 
boundary value processing is performed falls. The detection 
results of the onset/offset detector 240A may be provided to 
the walking assist starting point detector 250A to be described 
below. 
I0129. The walking assist starting point detector 250A may 
detect a walking assist starting point based on the onset and 
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offset points detected from the first EMG signal and the onset 
and offset points detected from the second EMG signal. 
0130. In detail, the walking assist starting point detector 
250A may detect a time point when the first EMG signal is in 
an offset state and the second EMG signal is in an onset state, 
as the walking assist starting point. For example, the walking 
assist starting point detector 250A may detect a time when the 
first EMG signal, connected to the tricep Surae muscle, rises 
and a time when the second EMG signal, connected to the 
tibialis anterior muscle, falls. 
0131 The walking assist starting point detector 250A may 
detect the walking assist starting point regardless of whether 
the offset state of the first EMG signal or the onset state of the 
second EMG signal occurs first. For example, even when the 
first EMG signal is offset first and then the second EMG 
signal is onset, a time point that satisfies the offset state of the 
first EMG signal and the onset state of the second EMG signal 
may be detected as the walking assist starting point. As 
another example, even when the second EMG signal is onset 
first and then the first EMG signal is offset, a time point that 
satisfies the offset state of the first EMG signal and the onset 
state of the second EMG signal may be detected as the walk 
ing assist starting point. The result of detecting the walking 
assist starting point may be provided to the torque calculator 
260A to be described below. 
0132) The torque calculator 260A may generate torques to 
apply to the driver 150 to assist muscular power of the user for 
a walking assist time based on the walking assist starting 
point. 
0.133 According to some example embodiments, the 
walking assist time may refer to a fixed time from the walking 
assist starting point. For example, the walking assist time may 
be 2 Sec. from the walking assist starting point. 
0134. According to other example embodiments, the 
walking assist time may refer to a time from the walking assist 
starting point until when the foot of a Swing leg contacts the 
ground. Referring to FIGS.3 and 4, it is noted that the walking 
assist starting point for the right leg may be detected while the 
right leg is a Support leg. It is also noted that the left leg Swings 
to contact the ground after the walking assist starting point for 
the right leg is detected. Therefore, a time from the walking 
assist starting point until when the foot of the left leg that is a 
Swing leg contacts the ground may be determined as the 
walking assist time. 
0135 Although only the walking assist starting point for 
the right leg is illustrated in the FIG. 3, the walking assist 
starting point for the left leg is detected while the left leg is a 
Support leg. That is, the walking assist starting point for the 
left leg is detected after the toe offTO in FIG.3. The user may 
be assisted with walking from when the walking assist start 
ing point for the left leg is detected until when the right leg 
Swings to contact the ground again, i.e., the initial contactIC. 
0136. Meanwhile, the torque calculator 260A may calcu 
late torques to be provided to the drivers 150 included in the 
hip joints 131. The magnitude of the torques to be provided to 
the drivers 150 included in the hip joints 131 may be propor 
tional to the inclination of the body of the user with respect to 
the ground or the speed of the user. The inclination of the body 
of the user with respect to the ground may be detected by the 
gyro sensor 310. The speed of the user may be calculated 
based on the acceleration detected by the acceleration sensor 
32O. 
0.137 Torques in opposite directions may be provided to 
the driver 150 included in the hip joint 131 of a support leg and 
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the driver 150 included in the hip joint 131 of a swing leg. In 
detail, a torque in a direction opposite to a walking direction 
of the user may be provided to the driver 150 included in the 
hip joint 131 of a Support leg. On the other hand, a torque in 
the walking direction of the user may be provided to the driver 
150 included in the hip joint 131 of a swing leg. 
0.138. In more detail, referring to FIGS. 3 and 4, it is noted 
that the walking assist starting point for the right leg is 
detected after the opposite toe off OT. It is also noted that the 
heel rise HR is performed after the opposite toe off OT. In the 
heel rise HR, the user kicks the ground with the right leg and 
lifts the left leg to take a step forward. That is, the user applies 
a force in a direction opposite to the walking direction to the 
right leg, and applies a force in the walking direction to the 
left leg. Therefore, if the driver 150 provides a torque in a 
direction opposite to the walking direction to the hip joint 131 
of the right leg (Support leg) and a torque in the walking 
direction to the hip joint 131 of the left leg (swing leg), the 
user may be assisted with walking. 
0.139 FIG. 8 is a block diagram illustrating the configura 
tion of a controller 220B according to other example embodi 
mentS. 

0140. As illustrated in FIG. 8, the controller 220B may 
include a receiver 210B, a boundary value processor 220B, an 
onset/offset detector 240B, a walking assist starting point 
detector 250B, and a torque calculator 260B. 
0141. The receiver 210B, the boundary value processor 
220B, the onset/offset detector 240B, and the torque calcula 
tor 260B of FIG.8 may be the same or similar to the receiver 
210A, the boundary value processor 220A, the onset/offset 
detector 240A, and the torque calculator 260A of FIG. 7, 
therefore, repeated descriptions thereofare omitted hereinfor 
the sake of brevity, and the walking assist starting point detec 
tor 250B will be described below. 

0142. The walking assist starting point detector 250B may 
detect a walking assist starting point based on the onset and 
offset points detected from the first EMG signal, the onset and 
offset points detected from the second EMG signal, and a 
gravitational acceleration. In detail, the walking assist start 
ing point detector 250B may detect a time point when the first 
EMG signal is in an offset state and the second EMG signal is 
in an onset state after the gravitational acceleration is rapidly 
increased, as the walking assist starting point. 
0143. In detail, ifa userstands still, the gravitational accel 
eration measured by the wearable robot 1 is 1 g in a direction 
perpendicular to the ground. In this state, if the user starts 
walking and thus the initial contact IC of FIG.3 is performed, 
the heel of the right leg contacts the ground and the gravita 
tional acceleration measured by the wearable robot 1 rapidly 
increases. If the opposite toe off OT is performed after the 
initial contactIC, the walking assist starting point for the right 
leg is detected. 
0144. As described above, the walking assist starting point 
is detected after the gravitational acceleration rapidly 
increases. Therefore, if the gravitational acceleration is used 
in addition to the first and second EMG signals, the walking 
assist starting point may be more accurately detected. That is, 
since an EMG signal may be measured even when the user 
does not move a leg, the accuracy of the detection based on the 
EMG signal may be Supplemented by the gravitational accel 
eration measured by the wearable robot 1. 
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0145 Meanwhile, the walking assist starting point may be 
detected regardless of whether the offset state of the first 
EMG signal or the onset state of the second EMG signal 
occurs first. 
0146 For example, after the gravitational acceleration 
measured by the wearable robot 1 is rapidly increased, even 
when the first EMG signal is offset first and then the second 
EMG signal is onset, a time point that satisfies the offset state 
of the first EMG signal and the onset state of the second EMG 
signal may be detected as the walking assist starting point. As 
another example, after the gravitational acceleration mea 
sured by the wearable robot 1 is rapidly increased, even when 
the second EMG signal is onset first and then the first EMG 
signal is offset, a time point that satisfies the offset state of the 
first EMG signal and the onset state of the second EMG signal 
may be detected as the walking assist starting point. 
0147 FIG. 9 is a block diagram illustrating the configura 
tion of a controller 200C according to other example embodi 
mentS. 

0148. As illustrated in FIG. 9, the controller 220C may 
include a receiver 210C, a first filter 231C, a second filter 
232C, an onset/offset detector 240C, a walking assist starting 
point detector 250C, and a torque calculator 260C. As illus 
trated in FIG. 9, the controller 200C illustrated in FIG. 9 
includes a first and second filters 231C and 232C as compared 
to the controller 200A illustrated in FIG. 7 which includes the 
boundary value processor 220A. 
014.9 The receiver 210C may receive signals detected by 
sensors of the sensor part 300. The signals may be received 
using wired or wireless communication. Among the signals 
received by the receiver 210C, the signal detected by the gyro 
sensor 310 or the acceleration sensor 320 may be provided to 
the torque calculator 260C. Among the signals received by the 
receiver 210C, the first and second EMG signals detected by 
the first and second EMG sensors 330 and 340 may be pro 
vided to the first and second filters 231C and 232C to be 
described below, respectively. 
0150. The first and second filters 231C and 232C may be 
LPFs having different cutoff frequencies. For example, if the 
second filter 232C has a cutoff frequency of Fc, the first filter 
231C may have a cutoff frequency of 10xFc. 
0151. By utilizing the first and second filters 231C and 
232C having different cutoff frequencies, the controller 200C 
may account for situations where an EMG signal may have 
different levels according to the locations of the first and 
second EMG sensors 330 and 340, and the sex, age, and 
condition of a user. Therefore, if LPFs having different cutoff 
frequencies are used to determine the onset and offset points, 
instead of boundary value processing, the controller 200C 
may be more versatile. 
0152 The onset/offset detector 240C may subtract the first 
EMG signal filtered by the second filter 232C from the first 
EMG signal filtered by the first filter 231C. Consequently, a 
first EMG signal, a baseline of which is zeroed, i.e., a first 
EMG signal similar to an actual first EMG signal, is obtained. 
0153. Likewise, the onset/offset detector 240C may sub 

tract the second EMG signal filtered by the second filter 232C 
from the second EMG signal filtered by the first filter 231C. 
Consequently, a second EMG signal, a baseline of which is 
Zeroed, i.e., a second EMG signal similar to an actual second 
EMG signal, is obtained. 
0154 If the first and second EMG signals, baselines of 
which are zeroed, are obtained as described above, the onset/ 
offset detector 240C may detect an onset point and an offset 

May 14, 2015 

point from each of the obtained first and second EMG signals. 
The onset and offset points detected from the first EMG signal 
and the onset and offset points detected from the second EMG 
signal may be provided to the walking assist starting point 
detector 250C to be described below. 
0155 The walking assist starting point detector 250C may 
detect a walking assist starting point based on the onset and 
offset points detected from the first EMG signal and the onset 
and offset points detected from the second EMG signal. 
0156. In detail, the walking assist starting point detector 
250C may detect a time point when the first EMG signal is in 
an offset state and the second EMG signal is in an onset state, 
as the walking assist starting point. In this case, the walking 
assist starting point may be detected regardless of whether the 
offset state of the first EMG signal or the onset state of the 
second EMG signal occurs first. 
0157 For example, even when the first EMG signal is 
offset first and then the second EMG signal is onset, a time 
point that satisfies the offset state of the first EMG signal and 
the onset state of the second EMG signal may be detected as 
the walking assist starting point. As another example, even 
when the second EMG signal is onset first and then the first 
EMG signal is offset, a time point that satisfies the offset state 
of the first EMG signal and the onset state of the second EMG 
signal may be detected as the walking assist starting point. 
The result of detecting the walking assist starting point may 
be provided to the torque calculator 260D to be described 
below. 
0158. The torque calculator 260C may generate torques to 
apply to the driver 150 to enhance muscular power of the user 
for a walking assist time based on the walking assist starting 
point. 
0159 FIG. 10 is a block diagram illustrating the configu 
ration of a controller 200D according to other example 
embodiments. 
(0160. As illustrated in FIG. 10, the controller 220D may 
include a receiver 210D, a first filter 231C, a second filter 
232C, an onset/offset detector 240D, a walking assist starting 
point detector 250D, and a torque calculator 260D. 
(0161 The receiver 210D, the first filter 231D, the second 
filter 232D, the onset/offset detector 240D, and the torque 
calculator 260D of FIG. 10 may be the same or similar to the 
receiver 210C, the first filter 231C, the second filter 232C, the 
onset/offset detector 240C, and the torque calculator 260C of 
FIG. 9, therefore, repeated descriptions thereof is omitted 
herein for the sake of brevity and the walking assist starting 
point detector 250D is described below. 
0162 The walking assist starting point detector 250D may 
detect a walking assist starting point based on the onset and 
offset points detected from the first EMG signal, the onset and 
offset points detected from the second EMG signal, and the 
gravitational acceleration. In detail, the walking assist start 
ing point detector 250D may detect a time point when the first 
EMG signal is in an offset state and the second EMG signal is 
in an onset state after the gravitational acceleration is rapidly 
increased, as the walking assist starting point. 
0163 The walking assist starting point may be detected 
regardless of whether the offset state of the first EMG signal 
or the onset state of the second EMG signal occurs first. 
0164. For example, after the gravitational acceleration 
measured by the wearable robot 1 is rapidly increased, even 
when the first EMG signal is offset first and then the second 
EMG signal is onset, a time point that satisfies the offset state 
of the first EMG signal and the onset state of the second EMG 
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signal may be detected as the walking assist starting point. As 
another example, after the gravitational acceleration mea 
sured by the wearable robot 1 is rapidly increased, even when 
the second EMG signal is onset first and then the first EMG 
signal is offset, a time point that satisfies the offset state of the 
first EMG signal and the onset state of the second EMG signal 
may be detected as the walking assist starting point. 
0.165. The torque calculator 260D may generate torques to 
apply to the driver 150 to assist muscular power of a user for 
a walking assist time based on the walking assist starting 
point. For example, the torque calculator 260D may calculate 
torques to be provided to the drivers 150 included in the hip 
joints 131 of the joint part 130. The magnitude of the torque 
to be provided to the driver 150 included in the right hip joint 
131 and the torque to be provided to the driver 150 included 
in the left hip joint 131 may be proportional to the inclination 
of the body of the user with respect to the ground or the speed 
of the user. The torques to be provided to the drivers 150 
included in the hip joints 131 may be in opposite directions. 
0166 FIG. 11 is a view illustrating processing of first and 
second EMG signals measured at one leg of a user. 
(0167 Referring to FIG. 11, the left part of FIG. 11 sche 
matically illustrates processing of the first EMG signal, and 
the right part of FIG. 11 schematically illustrates processing 
of the second EMG signal. The first EMG signal is measured 
by the first EMG sensor 330 attached to the tibialis anterior, 
and the second EMG signal is measured by the second EMG 
sensor 340 attached to the soleus. 
(0168 The waveforms of the first and second EMG signals 
are obtained by performing rectification, boundary value pro 
cessing, and onset/offset detection on signals measured by the 
first and second EMG sensor 330, 340, respectively. 
0169. Referring to FIG. 11, it is noted that a time when the 

first EMG signal is offset and the second EMG signal is onset 
is detected as a walking assist starting point. Further, the 
controller 200 may utilize the gravitational acceleration mea 
sured by the wearable robot 1 when detecting the walking 
assist starting point. 
0170 FIG. 12 is a flowchart of a method for controlling the 
wearable robot 1, according to some example embodiments. 
(0171 Referring to FIG. 12, in the method described 
below, it is assumed that, as in FIG. 1, the wearable robot 1 is 
worn on two legs of a user and that the first and second EMG 
sensors 330 and 340 are attached to each of the two legs of the 
user. However, example embodiments are not limited thereto. 
The first EMG sensor 330 is attached to the tibialis anterior of 
each leg, and the second EMG sensor 340 is attached to the 
soleus of each leg. 
(0172. In operation S810, the controller 200 receives the 
first and second EMG signals respectively from the first and 
Second EMG sensors 330 and 340. The first and second EMG 
signals may be detected by the first EMG sensor 330 may and 
the second EMG sensor 340, respectively. The first EMG 
signal detected by the first EMG sensor 330 may be amplified, 
rectified, filtered, and A/D converted before transmission to 
the controller 200. Likewise, the second EMG signal detected 
by the second EMG sensor 340 is amplified, rectified, filtered, 
and A/D converted before the transmission to the controller 
200. Alternatively, the controller 200 may receive the raw 
signals from the first and second EMG sensors 330 and 340 
and perform the amplification, rectification, filtration, and 
A/D conversion therein. 
(0173. In operation S820, the controller 200 detects an 
onset point and an offset point from the first EMG signal. The 

May 14, 2015 

controller 200 may detect the onset and offset point of the first 
EMG signal by performing boundary value processing on the 
first EMG signal, and detecting the onset and offset points 
from the first EMG signal on which boundary value process 
ing is performed. 
(0174. In operation S830 the controller 200 detects anonset 
point and an offset point from the second EMG signal. The 
controller 200 may detect the onset and offset point the sec 
ond EMG signal by performing boundary value processing on 
the second EMG signal, and detecting the onset and offset 
points from the second EMG signal on which boundary value 
processing is performed. 
(0175. In operation S840, the controller 200 detects a walk 
ing assist starting point based on the onset and offset points 
detected from the first EMG signal and the onset and offset 
points detected from the second EMG signal. According to 
some example embodiments, the controller 200 may detect 
the walking assist starting point by detecting a time when the 
first EMG signal is in an offset state and the second EMG 
signal in an onset state, as the walking assist starting point. 
According to other example embodiments, the controller 200 
may also utilize the detection of whether the gravitational 
acceleration of the wearable robot 1 is rapidly increasing. 
0176). In operation S850, if the walking assist starting 
point is detected, the controller 200 calculates torques to 
enhance muscular power of the user. According to some 
example embodiments, the controller 200 may calculate the 
torques associated with the drivers 150 included in the hip 
joints 131 of the gear part 100, based on the inclination of the 
upper body of the user. For example, the calculated torques 
may be proportional to the inclination of the upper body of the 
user. According to other example embodiments, the control 
ler 200 may calculate the associated with the drivers 150 
included in the hipjoints 131 of the gear part 100, based on the 
speed of the user. For example, the calculated torques may be 
proportional to the speed of the user. 
(0177. In operation S860, the controller 200 may provide 
the calculated torques to the drivers 150 included in the hip 
joints 131 to enhance muscular power of the user who is 
walking. The controller 200 may provide a torque in a direc 
tion opposite to a walking direction of the user to the driver 
150 included in the hip joint 131 of a leg at which the walking 
assist starting point is detected, and provide a torque in the 
walking direction of the user to the driver 150 included in the 
hip joint 131 of a leg opposite to the leg at which the walking 
assist starting point is detected. 
0178. In example embodiments, the controller 200 may 
include a processor and a memory (not shown). 
0179 The processor may be an arithmetic logic unit, a 
digital signal processor, a microcomputer, a field program 
mable array, a programmable logic unit, a microprocessor or 
any other device capable of responding to and executing 
instructions in a defined manner Such that the processor is 
programmed with instructions that configure the processing 
device as a special purpose computer to perform the opera 
tions illustrated in FIG. 12, such that the controller 200 con 
trols the drivers 150, such that the drivers 150 apply a torque 
to the hip joints 131 of the gear part 100, based on signals 
received from the sensors 300. 
0180. The instructions may be stored on a non-transitory 
computer readable medium. Examples of non-transitory 
computer-readable media include magnetic media Such as 
hard disks, floppy disks, and magnetic tape; optical media 
such as CD ROM discs and DVDs; magneto-optical media 
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Such as optical discs; and hardware devices that are specially 
configured to store and perform program instructions, such as 
read-only memory (ROM), random access memory (RAM), 
flash memory, and the like. The non-transitory computer 
readable media may also be a distributed network, so that the 
program instructions are stored and executed in a distributed 
fashion. The program instructions may be executed by one or 
more processors. 

0181 Further, in some example embodiments, some of the 
components of the wearable robot 1 may be implemented as 
a module. Here, the module’ refers to a software-based com 
ponent or a hardware component such as a field program 
mable gate array (FPGA) or an application specific integrated 
circuit (ASIC), and performs certain functions. However, the 
module is not limited to the software or hardware component. 
The module may be configured to be placed in an addressable 
storage medium, or to execute one or more processors. 
0182 For example, modules may include components 
Such as Software components, object-oriented Software com 
ponents, class components, and task components, processes, 
functions, attributes, procedures, Subroutines, segments of 
program codes, drivers, firmware, microcodes, circuits, data, 
databases, data structures, tables, arrays, and variables. Func 
tions provided by the components and modules may be com 
bined into a smaller number of components and modules, or 
be separated into additional components and modules. More 
over, the components and modules may execute one or more 
CPUs in a device. 

0183 Some example embodiments may be implemented 
by a medium including computer-readable codes/instructions 
to control at least one processing element of the above-de 
scribed embodiments, for example, a computer-readable 
medium. Such a medium may correspond to a medium/media 
which may store and/or transmit the computer-readable 
codes. 

0184 The computer-readable codes may be not only 
recorded in a medium but also transmitted over the Internet. 
For example, the medium may include a magnetic storage 
medium (for example, a ROM, a floppy disk, or a hard disk), 
an optical recording medium (for example, a CD-ROM or a 
DVD), or a transmission medium, Such as a carrier wave. 
Further, the medium may be a non-transitory computer-read 
able medium. Since the medium may be a distributed net 
work, the computer-readable code may be stored, transmitted 
and executed in a distributed manner. Further, for example, 
the processing element may include a processor or a com 
puter processor, and be distributed and/or included in one 
device. 

0185. As is apparent from the above description, a walking 
assist starting point to assist a user with walking may be 
detected using EMG sensors without utilizing sensors such as 
a pressure sensor, force?torque sensor, encoder, and potenti 
Ometer. 

0186. Since the EMG sensors are attached to lower legs of 
the user, compared to a case that the EMG sensors are 
attached to upper legs of the user, user discomfort may be 
reduced. 

0187. Although a few example embodiments have been 
shown and described, it would be appreciated by those skilled 
in the art that changes may be made in these example embodi 
ments without departing from the principles and spirit of the 
example embodiments, the scope of which is defined in the 
claims and their equivalents. 

May 14, 2015 

What is claimed is: 
1. A wearable robot comprising: 
an assistance device having an exoskeleton structure con 

figured to be worn on legs of a user; 
sensors including a first electromyogram (EMG) sensor 

and a second EMG sensor, the first EMG sensor config 
ured to attach at a first location on at least one leg of the 
user and to detect a first EMG signal, the second EMG 
sensor configured to attach at a second location on the at 
least one leg and to detect a second EMG signal; and 

a controller configured to detect a walking assist starting 
point based on the first EMG signal and the second EMG 
signal, the walking assist starting point being a point in 
a walking cycle in which the assistance device assists the 
user with walking. 

2. The wearable robot according to claim 1, wherein 
the first location on the at least one leg of the user corre 

sponds to a location of a tibialis anterior muscle of the 
user, and 

the second location of the at least one leg of the user 
corresponds to a location of a triceps Surae muscle of the 
USC. 

3. The wearable robot according to claim 1, wherein the 
second location on the at least one leg of the user corresponds 
to a location of a soleus muscle of the user. 

4. The wearable robot according to claim 1, wherein the 
controller is configured to determine the walking assist start 
ing point by detecting when the first EMG signal is in an offset 
state and the second EMG signal is in an onset state, the onset 
state being a state when a muscle at the first location is 
activated and the offset state being a state when a muscle at the 
second location is deactivated. 

5. The wearable robot according to claim 4, wherein the 
controller is configured to determine if an amplitude of each 
of the first and second EMG signals are above or below a 
boundary before determining the walking assist starting 
point. 

6. The wearable robot according to claim 4, wherein the 
controller includes, 

a first filter configured to filter each of the first and second 
EMG signals before determining the walking assist 
starting point; and 

a second filter configured to filter each of the first and 
second EMG signals before determining the walking 
assist starting point, the second filter having a cutoff 
frequency different from a cutoff frequency associated 
with the first filter. 

7. The wearable robot according to claim 6, wherein 
the first filter is a low pass filter (LPF), and 
the second filter has a cutoff frequency associated there 

with that is lower than the cutoff frequency associated 
with the first filter. 

8. The wearable robot according to claim 1, wherein the 
sensors further comprise: 

at least one of a gyro sensor and an acceleration sensor, the 
gyro sensor configured to detect inclination of an upper 
body of the user, and the acceleration sensor configured 
to detect walking acceleration of the user. 

9. The wearable robot according to claim 1, wherein the 
controller is configured to calculate a torque to apply to a 
driver such that the driver assists a muscular power of the user. 
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10. The wearable robot according to claim 9, wherein the 
controller is configured to calculate the torque Such that the 
torque is proportional to inclination of a body of the user or 
walking speed of the user. 

11. The wearable robot according to claim 9, wherein the 
controller is configured to apply the torque to a driver asso 
ciated with the assistance device Such that the torque is 
applied for a walking assist duration, the walking assist dura 
tion determined based on the walking assist starting point. 

12. The wearable robot according to claim 11, wherein the 
walking assist duration is a fixed time beginning from the 
walking assist starting point. 

13. The wearable robot according to claim 11, wherein the 
walking assist duration is from the walking assist starting 
point until when a foot of a leg different from the at least one 
leg of the user contacts ground. 

14. The wearable robot according to claim 11, wherein the 
driver comprises: 

a first driver in a left hip joint of the assistance device, and 
a second driver in a right hip joint of the assistance device. 
15. The wearable robot according to claim 14, wherein the 

controller is configured to, 
apply the torque to drivers associated with the at least one 

leg in a direction opposite to a walking direction of the 
user, and 

apply the torque to drivers associated with a leg different 
from to the at least one leg in the walking direction of the 
USC. 

16. A method for controlling a wearable robotanassistance 
device having an exoskeleton structure configured to be worn 
on legs of a user, the method comprising: 

receiving a first electromyogram (EMG) signal and a sec 
ond EMG signal from a first EMG sensor and a second 
EMG sensor, respectively, the first EMG sensor config 
ured to attach at a first location of at least one leg of the 
user, the second EMG sensor configured to attach at a 
second location of the at least one leg; 
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detecting a walking assist starting point based on the first 
and second EMG signals, the walking assist starting 
point being a point in a walking cycle in which the 
assistance device assists the user with walking; 

calculating a torque to assista muscular power of the user; 
and 

applying the torque to a driver included in the assistance 
device Such that the assistance device assists the muscu 
lar power of the user. 

17. The method according to claim 16, wherein 
the first location on the at least one leg of the user corre 

sponds to a location of a tibialis anterior muscle of the 
user, and 

the second location on the at least one leg of the user 
corresponds to a location of a soleus muscle of the user. 

18. The method according to claim 16, wherein the detect 
ing of the walking assist starting point comprises: 

detecting when the first EMG signal is in an offset state and 
the second EMG signal is in an onset state, the onset 
state being a state when a muscle at the first location is 
activated and the offset state being a state when a muscle 
at the second location is deactivated. 

19. The method according to claim 16, wherein the driver 
comprises: 

a first driver in a left hip joint of the assistance device, and 
a second driver in a right hip joint of the assistance device. 
20. The method according to claim 19, wherein the apply 

ing the torque comprises: 
applying the torque to the drivers associated with the at 

least one leg in a direction opposite to a walking direc 
tion of the user; and 

applying the torque to the driver associated with a leg 
different from the at least one leg in the walking direc 
tion of the user. 


